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a.  The  variation  in  soil  consistency  with  depth  and  location  within  the 
site  provided  a wide  range  of  soil  conditions  for  evaluating  mine  performance 
but  did  not  include  locations  exhibiting  soil  strengths  that  would  result  in 
marginal  vehicle  performance. 

b.  The  average  0-  to  12-in.  cone  index  (Cl)  ranged  from  82-  to  626+  with 
most  of  the  readings  occurring  in  the  200-400  range. 

c.  The  average  0-  to  12-in.  dynamic  cone  penetrometer  index  (DCPI)  ranged 
from  5 to  57  with  most  of  the  readings  in  the  10-30  range. 

d.  A wide  range  of  values  for  horizontal  displacement  from  impact  point, 
penetration,  impact  angle,  at-rest  angle,  and  depth  of  overburden  occurred  dur- 
ing testing. 

e.  Based  on  soil  strength  conditions,  the  I Field  site  is  analagous  to 
83  percent  of  the  Fulda  Gap  area  in  West  Germany. 

f.  Standard  vehicles  could  operate  with  ease  in  the  test  area. 
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Preface 


The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  par- 
ticipation in  this  phase  of  the  Gator  Mine  System  coordinated  test 
program  as  requested  by  Picatinny  Arsenal  in  a telephone  conversation 
on  18  October  1976.  Funds  were  provided  by  U.  S.  Army  Armament  Research 
and  Development  Command  (ARRADCOM)  on  MIPR  No.  7311-0031  dated  18  April 
1977.  The  study  was  conducted  during  the  period  11-15  April  1977. 

The  study  was  conducted  under  the  general  supervision  of  Mr.  W.  G. 
Shockley,  Chief,  Mobility  and  Environmental  Systems  Laboratory  (MESL) , 
and  under  the  direct  supervision  of  Mr.  A.  A.  Rula,  Chief,  Mobility 
Systems  Division  (MSD) , MESL.  The  U.  S.  Army  Aberdeen  Proving  Ground, 
Maryland,  supported  WES  in  the  collection  of  field  data.  The  field 
program  was  conducted  by  Messrs.  C.  E.  Green,  L.  M.  Lewis,  and  D.  E. 
Strong,  MSD.  This  report  was  prepared  by  Mr.  Green. 

Commander  and  Director  of  WES  during  this  study  and  the  preparation 
of  this  report  was  COL  J.  L.  Cannon,  CE.  Mr.  F.  R.  Brown  was  Technical 
Director. 
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TERRAIN  CHARACTERISTICS  AT  GATOR  MINE  IMPACT  AND 
PENETRATION  TEST  SITES,  ABERDEEN  PROVING  GROUND,  MARYLAND 


Background 

1.  A series  of  impact  and  penetration  tests  were  conducted 
to  evaluate  the  performance  of  the  Gator  mine.  The  tests  were  con- 
ducted by  Picatinny  Arsenal  at  I Field,  Aberdeen  Proving  Ground  (APG) , 
Maryland,  during  the  period  11-15  April  1977  to  provide  data  to  com- 
pare the  penetration  performance  of  three  types  of  Gator  mines:  Air 
Force,  S-shaped,  and  110  (Figure  1).  The  U.  S.  Army  Engineer  Water- 
ways Experiment  Station  (WES)  had  collected  field  data  in  support  of 
similar  impact  and  penetration  tests  for  another  munitions  system, 
the  Remote  Anti-Armor  Mine  Systems  (RAAMS)  mine,  in  July  1976  at 
APG.  Data  from  these  tests  were  useful  in  providing  a general  de- 
scription of  the  test  areas  to  relate  penetration  performance  to  soil 
strength.  However,  because  soil  strength  changes  as  a function  of 
moisture  content,  these  data  did  not  provide  sufficient  information  to 
document  conditions  for  the  Gator  mine  tests.  Therefore,  Picatinny 
Arsenal  requested  that  WES  take  additional  terrain  data  in  support  of 
the  Gator  mine  tests. 


Purpose  and  Scope 


2.  The  purpose  of  this  study  was  to  document  terrain  character- 
istics at  the  sites  at  APG  used  in  the  impact  and  penetration  tests 

of  the  Gator  mine.  The  terrain  characteristics  were  needed  to  develop 
mine  penetrability  relations  and  to  provide  a baseline  for  theoretical 
extrapolation  of  the  Gator  mine  performance  to  other  environments. 

3.  The  following  types  of  data  were  collected  to  describe  site 
terrain  properties  for  these  purposes,  as  described  in  Reference  2. 
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a.  Soil  strength  in  terms  of  cone  index  (Cl)  and/or  rating 

cone  index  (RCI)  at  selected  locations  for  the  0-  to  12- in.* 
layer. 

_b.  Soil  strength  in  terms  of  dynamic  cone  penetration  index 
(DCPI) . 

c_.  Description  of  vegetation  or  ground  cover. 

ci.  Soil  moisture  content  at  selected  locations. 

e.  Soil  descriptions  according  to  the  Unified  Soil  Classifica- 
tion System  (USCS)  and  U.  S.  Department  of  Agriculture 
(USDA)  plus  specific  gravity *and  organic  content. 

{_.  Soil  density. 

In  addition,  a general  description  was  made  of  each  site,  and  photographs 
were  taken  where  appropriate.  The  depth  of  penetration  and  orientation 
of  the  mine  were  documented  for  approximately  80  mine  tests.  Soil 
traf f icability  for  standard  military  vehicles  within  the  test  area  was 
estimated.  A comparison  of  I Field  to  the  Fulda  Gap  area  in  West 
Germany  was  made. 

Definitions 

4.  Special  terms  used  in  this  report,  taken  from  Reference  1,  are 
defined  below: 

a_.  Soil  terms 

(1)  Fine-grained  soil.  A soil  of  which  more  than  50  per- 
cent of  the  grains,  by  weight,  will  pass  a No.  200 
sieve  (smaller  than  0.074  mm  in  diameter). 

(2)  Fines.  Grain  sizes  that  will  pass  the  No.  200  sieve 
(smaller  than  0.074  mm  in  diameter). 

(3)  Coarse-grained  soil.  A soil  of  which  more  than  50 
percent  of  the  grains,  by  weight,  will  be  retained  on 
a No.  200  sieve  (larger  than  0.074  mm  in  diameter). 

(4)  Sand.  A coarse-grained  soil  with  the  greater  percent- 
age of  the  coarse  fraction  (larger  than  0.074  mm) 
passing  the  No.  4 sieve  (4.76  mm). 

(5)  Sand  with  fines,  poorly  drained.  A sand  that  contains 
some  fines  and  is  slow-draining  when  wet.  Such  sands 


* A table  of  factors  for  converting  metric  (SI)  units  to  U.  S.  custom- 
ary units  and  U.  S.  customary  units  to  metric  (SI)  units  of  measure- 
ment is  presented  on  page  4. 
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behave  similarly  to  wet,  fine-grained  soils  under 
vehicular  traffic. 

(6)  Liquid  limit.  The  liquid  limit  is  generally  conceded 
to  represent  the  moisture  content  at  which  the  charac- 
teristics of  a mixture  of  soil  and  water  change  from 
plastic  to  liquid. 

(7)  Plastic  limit.  The  plastic  limit  is  generally  conceded 
to  represent  the  moisture  content  at  which  a mixture 

of  soil  and  water  begins  to  take  on  plastic  properties 
(i.e.  undergoes  appreciable  deformation  with  little 
change  in  volume) . 

(8)  Plasticity  index.  The  numerical  difference  between 
the  liquid  and  plastic  limits.  The  numerical  value 

of  the  plasticity  index  is  generally  a good  indication 
of  the  plasticity  or  clayeyness  of  a soil:  highly 
plastic  clays  generally  have  high  plasticity  indexes; 
less  plastic  clays  have  lower  plasticity  indexes. 

(9)  Moisture  content.  The  ratio,  expressed  as  a percent- 
age, of  the  weight  of  water  in  the  soil  to  the  weight 
of  the  solid  particles. 

(10)  Density.  The  unit  weight  in  pounds  per  cubic  foot. 

Unless  specifically  stated  otherwise,  the  density  is 
the  dry  unit  weight. 

Strength  terms 

(1)  Cone  index  (Cl).  An  index  of  the  shearing  resistance 
of  soil  obtained  with  the  cone  penetrometer.  The  Cl 
is  considered  to  be  a dimensionless  number  represent- 
ing the  resistance  of  a medium  to  penetration  of  a 
30-deg,  right-circular  cone  of  0.05-sq-in.  base  area. 
The  number,  although  considered  dimensionless,  is 
actually  the  number  of  pounds  of  force  exerted  on  the 
handle  divided  by  the  area  of  the  cone  base  in  square 
inches. 

(2)  Remolding  index  (RI).  A ratio  that  expresses  the 
change  in  strength  of  a fine-grained  soil  or  a sand 
with  fines,  poorly  drained,  that  may  occur  under  traf- 
fic of  a vehicle. 

(3)  Rating  cone  index  (RCI).  The  product  of  the  measured 
Cl  and  RI  for  the  same  layer  of  soil.  This  index  is 
valid  only  for  fine-grained  soils  and  for  sands  with 
fines,  poorly  drained. 

(4)  Dynamic  cone  penetration  index  (DCPI).  An  index  of 
the  shearing  resistance  of  soil  obtained  with  a drop 
cone  penetrometer.  The  index  is  the  number  of  blows 
of  a 12.3-lb  hammer  dropped  8 in.  required  to  drive  a 


30-deg,  right-circular  cone  of  0.5-sq-in.  base  area  a 
given  distance  into  a medium. 

Vehicle  cone  index  (VCI).  An  index  assigned  to  a given 
vehicle,  based  on  certain  vehicle  characteristics,  that 
indicates  that  minimum  soil  strength  in  terms  of  RCI  (for 
fine-grained  soils)  or  Cl  (for  coarse-grained  soils) 
required  for  a prescribed  number  of  passes.  VCI  for 
coarse-grained  soils  is  distinguished  from  VCI  fur  fine- 
grained soils  by  the  addition  of  an  JS  for  coarse-grained 
soils.  Furthermore,  numbers  are  used  to  distinguish  the 
VCI's  for  one  tire  inflation  pressure  from  another;  e.g., 
VCIS-35  and  VCIS-72.5  are  the  VCI's  for  35-  and  72.5-psi 
tire  inflation  pressures,  respectively,  on  sand.  VCIS 
applied  to  one  pass  only.  VCI  for  fine-grained  soils  is 
identified  for  a given  number  of  passes  by  a subscript, 
usually  VCI^  or  VCI ,-q  for  1 or  50  passes,  respectively. 

Site  Description 


5.  Picatinny  Arsenal  selected  I Field  at  APG  for  characterization 
and  mine  tests.  The  location,  topography,  vegetation,  and  soil  moisture 
conditions  are  described  in  the  following  paragraphs. 

6.  I Field  is  on  Gunpowder  Neck  Peninsula.  The  field  is  bounded 
on  the  west  by  Ricketts  Point  Road,  on  the  east  by  Chesapeake  Bay,  and 
on  the  north  and  south  by  woodlands.  A rectangle  approximately  1600  by 
2200  ft,  with  the  length  oriented  in  an  east-west  direction,  was  chosen 
for  characterization.  The  topography  of  I Field  ranges  from  an  upland 
flat  near  the  western  boundary  to  a bottomland  depression  beginning  in 
the  north-central  section  and  extending  in  a south-southeast  direction 
through  the  site  near  its  eastern  boundary.  Site  relief  ranges  up  to 

50  ft,  and  slopes  range  up  to  about  5 percent.  At  the  time  the  site  was 
sampled  (11-15  April  1977),  the  area  was  bare  and  there  was  considerable 
evidence  of  erosion  on  the  slopes  throughout  the  test  area  (Figure  2). 
Prior  to  testing,  no  specific  site  preparation  was  required;  however, 
during  RAAMS  tests  in  July  1976  at  I Field,1  various  sections  were 
disked  or  rototilled  (up  to  a depth  of  10  in.  in  places)  to  simulate 

agricultural  lands. 
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7.  The  soil  at  this  site,  which  was  derived  from  Coastal  Plain 
deposits,  is  deep  and  is  medium  to  light  in  texture.  In  the  upper 
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topographic  layer,  the  soil  is  brownish  yellow  and  well  drained.  In 
places,  the  subsoil  is  mottled  gray,  and  large  patches  of  gray  subsoil 
were  exposed  along  the  eastern-facing  slope.  According  to  USDA,  the 
upland  soil  is  classified  as  Sassafras  loam,  and  the  bottomland  as 
Keyport  silt  loam.  The  subsoil  of  the  Keyport  series  is  mottled  gray, 
which  is  evidence  of  imperfect  internal  drainage.  The  soil  in  the  0-  to 
12-in.  depth  varied  from  loam  to  silty  clay  loam.  Classification  accord- 
ing to  the  USCS  varied  from  sandy  clay  (CL)  to  sandy  silt  (ML). 

Data  Collected  and  Procedures  Used 

8.  The  data  collected  at  I Field  included  the  strength,  density, 
moisture  content,  classification,  specific  gravity,  and  organic  content 
of  the  surface  soil  for  site  characterization  and  additional  postimpact 
data  on  the  Gator  mine  (Tables  1-3) . The  data  collected  and  the  pro- 
cedures used  are  described  in  the  following  paragraphs.  The  procedures 
used  to  characterize  the  sites  for  this  study  were  generally  in  accor- 
dance with  those  established  by  WES  for  soil  traf f icability  studies  and 
those  outlined  in  References  1 and  2. 

Soils  data 

9.  Prior  to  the  actual  data  collection  in  the  field,  an  inspection 
was  made  of  the  soil  conditions  on  I Field.  Obvious  changes  in  soil 
moisture  content  were  noted  so  that  measurements  could  be  made  later  at 
these  sites.  The  initial  inspection  did  not  reveal  any  significant 
changes  in  soil  type  at  I Field;  however,  to  document  this  uniformity, 
several  of  the  sites  used  for  moisture  content  determination  were  also 
sampled  for  soil  type  data.  Bulk  soil  samples  were  taken  at  selected 
sites  from  the  0-  to  6-  and  6-  to  12-in.  layers  for  laboratory  determi- 
nation of  organic  matter  content,  grain-size  distribution,  Atterberg 
limits,  and  specific  gravity;  organic  matter  content  was  determined  by 
means  of  a modified  Walkey  rapid  dichromate  oxidation  and  the  values 
expressed  as  percentages  by  weight.  Soil  was  classified  according  to 
the  USCS  and  USDA  systems.  A 2-in.-diam  traf f icability  sampler  was  used 
to  obtain  moisture  content-density  samples  in  the  0-  to  6-  and  6-  to 
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12-in.  soil  layers.  When  the  soil  was  too  firm  to  allow  penetration  in 
3-in.  vertical  increments  with  the  traf f icability  sampler,  a disturbed 
soil  sample  was  taken  from  the  prescribed  depths  for  determination  of 
moisture  content.  Laboratory-determined  data  are  listed  in  Table  1. 

10.  Soil  strength  as  a function  of  depth  was  measured  in  terms  of 
Cl  and  DCPI.  These  data  (Table  2)  were  taken  near  the  intersections  of 
the  various  grid  lines  shown  in  Figure  3.  Figure  3 shows  the  distribu- 
tion of  soil  strength  throughout  the  test  area.  This  map  was  developed 
by  assuming  that  the  average  soil  strength  for  the  0-  to  12- in.  layer 
varied  linearly  between  grid  intersection  points.  Although  this  assump- 
tion is  often  incorrect,  the  map  does  indicate  average  soil  strengths  to 
be  expected  throughout  the  test  site.  At  each  location  sampled,  three 
sets  of  Cl  measurements  were  made  at  the  surface  and  at  1-in.  vertical 
increments  to  a depth  of  6 in.,  then  at  3- in.  increments  to  12  in.  A 
plus  sign  was  used  to  indicate  that  the  soil  strength  exceeded  the 
capacity  of  the  cone  penetrometer.  (If  the  average  Cl  was  determined 
using  one  or  more  readings  that  exceeded  the  capacity  of  the  penetrom- 
eter, a plus  sign  was  placed  after  the  average  value  in  Table  2.)  At 
each  sample  location,  one  set  of  DCPI  measurements  was  made  at  6-in. 
vertical  increments  to  a depth  of  12  in. 

Site  data  at  mine  impact  locations 

11.  Because  the  site  characterization  indicated  a variation  in 
soil  consistency  with  depth  and  location  within  the  site,  it  was  neces- 
sary to  obtain  soil  strength  data  adjacent  to  mine  impact  locations. 
These  data  are  listed  in  Table  3.  At  each  impact  location,  three  sets 
of  Cl  measurements  were  made  at  each  point  of  an  equilateral  triangle 
whose  sides  were  about  3 ft  long.  One  set  of  DCPI  measurements  was  made 
near  the  center  of  the  triangular  sampling  pattern. 

Mine  impact  data 

12.  Measurements  were  made  at  each  mine  location  to  determine 
(a)  initial  and  final  penetration  depths,  (b)  horizontal  displacement 
from  impact  point,  (c)  impact  angle  and  attitude,  (d)  final  attitude, 

(e)  at-rest  angle,  and  (f)  overburden  (Figure  4).  Standard  survey 
techniques  and  instruments  were  used  to  take  these  measurements. 
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Discussion  of  Results 

13.  The  data  collected  at  APG  were  not  analyzed  rigorously;  how- 
ever, some  observations  were  made.  These  are  discussed  in  the  following 
paragraphs. 

Soils  data 

14.  Site  characterization.  The  site  was  free  of  surface  vegetation 
and  the  soil  was  generally  classified  as  a lean  clay  (CL).  The  average 
0-  to  12-in.  Cl  (Table  2)  ranged  from  82-  to  626+  with  most  of  the 
readings  occurring  in  the  200-400  range.  Cl  was  assumed  to  be  equal  to 
RCI  because  the  soil  gained  strength  with  compaction.  The  average  0-  to 
12-in.  DCPI  (Table  2)  ranged  from  5 to  57,  with  most  of  the  readings  in 
the  10-30  range.  Figure  3 shows  that  several  high-strength  areas  (based 
on  Cl)  occurred  near  the  B-l,  C-3,  E-2,  and  E-5  intersections,  and  low- 
strength  areas  occurred  near  the  B-6,  B-10,  B-ll,  and  B-12  intersections. 

15.  Mine  impact  locations.  The  average  0-  to  12-in.  Cl  (Table  3) 
ranged  from  58  to  672  with  most  of  the  readings  occurring  in  the  200- 
400  range.  The  number  of  blows  required  to  penetrate  the  surface  foot 
ranged  from  3 to  49;  most  of  the  readings  were  in  the  10-30  range. 

Mine  performance 

16.  The  measured  mine  data  for  the  twenty-seven  Air  Force,  twenty- 
nine  S-shaped,  and  twenty-four  110  mines  are  presented  in  Table  4 (8  of 
the  88  mines  dropped  were  lost  and  could  not  be  documented).  As  can  be 
seen  in  Table  4,  a majority  of  the  mines  displaced  horizontally  after 
impact.  The  distance  displaced  varied  from  8 in.  to  a maximum  of  324 
in.  (mine  38).  The  initial  and  final  penetration  of  the  mines  varied 
from  0 in.  to  a maximum  of  9.5  in.  The  impact  angle  and  at-rest  angle 
varied  from  0 to  90  deg.  Overburden  (i.e.  the  amount  of  material  atop 
the  mine  after  impact)  in  most  cases  was  0 in.;  however,  in  three  tests 
overburden  depths  were  1.75,  2.5,  and  5.0  in.  for  mines  33,  18,  and  61, 
respectively. 

17.  Plots  of  initial  depth  of  penetration  versus  average  Cl  and 
versus  DCPI  for  the  0-  to  12-in.  layer  are  shown  in  Figures  5 and  6, 
respectively,  for  the  Air  Force  mine,  in  Figures  7 and  8,  respectively, 
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for  the  S-shaped  mine,  and  in  Figures  9 and  10,  respectively,  for  the 
110  mine.  The  0-  to  12-in.  layer  was  assumed  to  be  the  critical  layer 
for  this  study.  These  figures  indicate  the  scatter  pattern  for  the 
various  soil  strengths  encountered  and  show  that  the  mines  do  not  pene- 
trate uniformly.  This  scatter  pattern  could  be  due  to  the  effects  of 
various  glide  patterns  and  impact  velocities  at  which  the  mines  hit  the 
ground.  A much  better  correlation  could  possibly  be  determined  if  the 
previously  mentioned  variables  were  considered. 

Comparison  of  I Field 
to  other  environments 

18.  Terrain  data  similar  to  that  for  I Field  has  been  developed  in 

4 

a previous  study  at  WES  (HIMO  Study  ) for  the  Fulda  Gap  area  in  West 
Germany.  Previous  data  taken  at  I Field  (Reference  1)  were  extrapolated 
to  that  area.  The  procedure  used  for  extrapolation  is  presented  in 
detail  in  Reference  1.  Generally,  the  procedure  consists  of  (a)  assign- 
ing soil  strength  in  terms  of  Cl  and  RCI  to  mapped  terrain  units  (soil 
type-drainage  situation)  on  the  basis  of  predictions  made  with  the  WES 
soil  moisture  and  soil  strength  predictions  (SMSP)  model; ^ (b)  using  a 
cumulative  areal  occupancy  of  RCI  curve  to  compute  weighted  averages 
that  imply  areal  occupancy  to  be  expected  for  selected  RCI  values;  and 
(c)  computing  the  expected  areal  occupancy  for  a data  base  year. 

19.  By  using  the  procedure  presented  in  Reference  1,  it  was  deter- 
mined that  an  RCI  >_100  applied  to  83  percent  of  the  Fulda  Gap  area  in 

West  Germany.  The  0-  to  12-in.  average  Cl  (Cl  assumed  equal  to  RCI) 
for  the  80  impact  sites  (Table  3)  at  I Field  was  greater  than  100  for 

all  the  sites  except  No.  87.  This  indicates  that  the  I Field  site  is 

similar  in  terms  of  soil  strength  to  83  percent  of  the  Fulda  Gap  area  in 
West  Germany. 

Estimation  of  vehicle  performance 

20.  The  Gator  mine  system  includes  both  an  antivehicle  and  an 
antipersonnel  mine.  Therefore,  to  evaluate  the  mine  performances  in  a 
given  environment  such  as  I Field,  an  estimation  of  vehicle  performance 
for  the  same  environment  should  be  made.  If  the  vehicles  in  question 
could  not  operate  in  the  environment,  the  mine  would  not  be  required. 
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21.  Therefore,  to  provide  a guide  for  the  Gator  mine  performance 
documented  during  the  APG  tests  in  terms  of  vehicle  performance,  the  WES 
VCI  method  of  computing  minimum  soil  strength  requirements  for  ground- 
crawling vehicles  to  complete  a prescribed  number  of  passes  in  a 
straight-line  path  was  used  to  estimate  the  soil  traf f icability  of 
standard  military  vehicles.  The  minimum  Cl  requirements  for  various 
standard  military  vehicles  are  shown  in  Table  5.  It  must  be  noted  that 
the  values  shown  in  Table  5 are  somewhat  generalized  and  that  each 
vehicle  has  a specific  Cl  requirement  for  a given  number  of  passes.  For 
example,  the  minimum  soil  strengths  in  terms  of  RCI  required  for  an 
M60A1  tank  to  complete  one  pass  (VCI^)  and  50  passes  (VCI^q)  are  20  and 
48,  respectively.  If  the  soil  strength  (RCI)  exceeds  these  numbers,  the 
vehicle  can  accelerate,  climb  a slope,  or  tow  a load. 

22.  An  examination  of  Table  2 shows  that  the  average  soil  strength 
data  for  the  6-  to  12-in.  layer  within  I Field  (with  the  exception  of 
one  site)  was  greater  than  the  soil  strength  requirements  for  the 
standard  military  vehicles  shown  in  Table  5.  This  indicates  that  the 
standard  military  vehicles  can  make  50  passes  at  almost  any  location 
within  the  area. 

Summary  of  Results 

23.  The  results  of  this  study  are  summarized  as  follows: 

a.  The  variation  in  soil  consistency  with  depth  and  location 
within  the  site  provided  a wide  range  of  soil  conditions 
for  evaluating  mine  performance  but  did  not  include  loca- 
tions exhibiting  soil  strengths  that  would  result  in  margi- 
nal vehicle  performance. 

b.  The  average  0-  to  12-in.  Cl  ranged  from  82-  to  626+  with 
most  of  the  readings  occurring  in  the  200-400  range. 

£.  The  average  0-  to  12-in.  DCPI  ranged  from  5 to  57  with  most 
of  the  readings  in  the  10-30  range. 

<i.  A wide  range  of  values  for  horizontal  displacement  from 

impact  point,  penetration,  impact  angle,  at-rest  angl*.  , and 
depth  of  overburden  occurred  during  testing. 

e.  Based  on  soil  strength  conditions,  the  I Field  site  is  anal- 
ogous to  83  percent  of  the  Fulda  Gap  area  in  West  Germany. 

Standard  military  vehicles  could  operate  with  ease  in  the 
test  area. 


Sf  - i. 
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Sice  Characterization,  I Field,  APG,  Maryland 


NOTE:  Tests  were  run  on  12  April  1977.  LL  • liquid  limit;  PL  - plastic  limit;  PI  * plasticity  index. 

* Alphanumeric  system  used  to  identify  grid  squares  is  shown  in  Figure  3. 

**  CL  « lean  clay;  ML  * silt. 
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* Mine  lost.  (Sheet  2 of  4) 

**  Mine  hit  pavement  behind  shop. 
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(Continued) 


Table  3 (Concluded) 


Mine  lost.  (Sheet  4 of  4) 


Mine  Data  at  I Field,  APG,  Maryland 


NOTE:  UK  * unknown,  NM  “ not  measured.  (Sheet  1 of  5) 

* Alphanumeric  system  used 'to  identify  grid  intersections  shown  in  Figure  3. 

**  See  Figure  4 for  attitude  definition, 
t Lost. 
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Cl  Traf ficability  Data  (from  Reference  4) 
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Mines  tested 


LEGEND  FOR  IMPACT  ATTITUDE 

(As  Considered  in  Study) 


If  the  mine  is  lying  flat  on  the  surface,  the  at-rest  attitude  is  0 degree; 
standing  on  edge,  the  at-rest  attitude  is  90  degrees. 

Figure  4.  Mine  impact  definitions 


700| 


Initial  depth  of  penetration  versus  DCPI  for  the  Air  Force  mine 


700 


Initial  depth  of  penetration  versus  average  Cl  for  the  S-shaped  mine 


Figure  8.  Initial  depth  of  penetration  versus  DCPI  for  the  S-shaped  mine 


Initial  Depth  of  Penetration,  in. 

Initial  depth  of  penetration  versus  average  CT  for  the  110  mine 


In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


Green,  Charles  E 

Terrain  characteristics  at  Gator  Mine  Impact  and  pene- 
tration test  sites,  Aberdeen  Proving  Ground,  Maryland  / 
by  Charles  E.  Green.  Vicksburg,  Miss.  : U.  S.  Waterways 
Experiment  Station  ; Springfield,  Va.  : available  from 
National  Technical  Information  Service,  1977. 

14,  j27j  p.  ; 27  cm.  (Miscellaneous  paper  - U.  S. 

Army  Engineer  Waterways  Experiment  Station  ; M-77-13) 
Prepared  for  Picatinny  Arsenal,  Dover,  New  Jersey. 
References:  p.  14. 

1.  Impact  tests.  2.  Mines  (Ordnance).  3.  Off-road 
mobility.  4.  Penetration  tests.  5.  Soil  penetration  tests. 
6.  Soil  strength.  7.  Terrain.  I.  United  States. 

Picatinny  Arsenal,  Dover,  N.  J.  II.  Series:  United  States. 
Waterways  Experiment  Station,  Vicksburg,  Miss.  Miscel- 
laneous paper  ; M-77-13. 
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